This study investigated the effects of early-to midlife musical training on cognition in older adults. A musical training survey examined self-reported musical experience and objective knowledge in 237 cognitively intact participants. Responses were classified into low-, medium-, and high-knowledge groups. Linear mixed models compared the groups' longitudinal performance on the Animal Naming Test (ANT; semantic verbal fluency) and Logical Memory Story A Immediate Recall (LMI; episodic memory) controlling for baseline age, time since baseline, education, sex, and full-scale IQ. Results indicate that high-knowledge participants had significantly higher LMI scores at baseline and over time compared to low-knowledge participants. The ANT scores did not differ among the groups. Ability to read music was associated with higher mean scores for both ANT and LMI over time. Early-to midlife musical training may be associated with improved late-life episodic and semantic memory as well as a useful marker of cognitive reserve.
Introduction
Age-related cognitive deficits are often associated with a number of impairments in executive functioning, visuospatial skills, motor speed, and processing speed. Researchers are increasingly looking for strategies that integrate multiple neural networks to mitigate or even prevent age-related cognitive decline. 1 Music making, which is multisensory and involves motor planning, preparation, and execution, is increasingly recognized for its potential to facilitate brain plasticity. 2 According to Bugos and colleagues, 1 active music making promotes skill development that directly influences memory formation and retrieval, and making music involves a wide array of skills that place unique demands on the nervous system. 3 Training on a musical instrument encompasses motor and auditory tasks, reading of musical notation, multimodal sensory integration, intensive deliberate and repetitive practice, and perhaps most importantly, is intrinsically motivating. 1, 2 It has been suggested that music education contains all of the necessary components to ''engage and preserve attention and memory systems throughout the lifespan.'' 1(p465) Engaging individuals across the life span is especially important given the growing body of evidence that lifestyle factors, including stimulating cognitive activities, may positively impact cognitive reserve and even postpone the onset of Alzheimer's Disease (AD) or other dementias. 1, 4, 5 Because it is now understood that plasticity occurs across the life span 2 and that plasticity may be recruited in late life to compensate for age-related cognitive decline, 6 music making has the potential to be an effective intervention for neurological and developmental disorders as well as age-related cognitive decline. 1, 2 There is growing evidence that music making actually impacts brain structure and function in both adulthood and older adulthood. Lappe and colleagues 7 studied adult nonmusicians who learned to play a musical sequence on the piano during a 2-week period and found that those who played the piano demonstrated significantly different cortical responses after training. Likewise increased responses in the hippocampus following 2 semesters of intensive aural training were observed in music academy students using functional magnetic resonance imaging studies. 8 Additional studies on musical and nonmusical brains provide limited support for music as a protective factor against cognitive decline. Baird and Samson 9 concluded that explicit musical memory is typically impaired in AD but implicit (ie, procedural musical memory or the ability to play a musical instrument) can be preserved in musicians. The authors suggest that this is related to brain regions affected by AD pathology, with those regions involved with procedural memory not typically impacted. Another study found normal to partial retention of musical abilities in 75% of adults with AD. 10 Researchers have even hypothesized that dementia may be less prevalent among orchestral musicians and that this could be due to a lifetime engaged in a cognitively stimulating endeavor. 11 The frequency of participation in cognitive activities by older adults has also been associated with lower risk of cognitive decline, and results from several musical training studies with older adults are consistent with this premise. 2 Sluming and colleagues 12 reported that practicing musicians have greater gray matter volume in the left inferior frontal gyrus as compared to nonmusicians, and that musicians appear to be less susceptible to age-related brain degenerations. Verghese et al 5 followed individuals aged 75 years and older for a 5-year time period. Individuals who frequently played a musical instrument were less likely to develop dementia, and music as a cognitively stimulating activity appeared to have stronger effects than reading, writing, or doing crossword puzzles. Finally, adults aged 60 to 85 years who participated in piano lessons scored significantly better on cognitive tests of attention and working memory than adults who did not participate. Interestingly, cognitive benefits were not sustained when regular practice and training were discontinued. 1 Perhaps the most promising data come from a recent Hanna-Pladdy and MacKay 6 study in which the authors investigated the relationship between instrumental musical activity and cognitive aging in healthy older adults. Results indicated that advanced musicians, that is, those with more training outperformed nonmusicians in cognitive domains susceptible to decline suggestive of AD, signifying possible advantages related to musical training that could contribute to cognitive reserve. Older adults themselves, when asked about participation in musical training, even appear to recognize the positive impact that musical participation has on their health. 13 Individuals involved in an older adult musical training program were surveyed, and of the individuals surveyed, almost 70% commented that musical training had affected their health, with 98% of those comments being positive. Of the positive comments, 21% were related to cognitive stimulation.
The above information, coupled with data that show earlylife musical training enlarges several brain regions, improves plasticity in young adults, and increases interaction between semantic and episodic memory structures in young musicians, indicates promise for musical training as a cognitive reserve factor. [14] [15] [16] [17] However, more research is needed. The purpose of the current project was to evaluate the association between early-to midlife formal training in music on late-life semantic (verbal fluency) and episodic memory among cognitively normal older adults. Specifically we sought to test the hypothesis that higher levels of musical training would be associated with increased cognitive reserve as reflected in cognitive performance over time.
Methods

Participants
A convenience sample of individuals who had previously consented to serve as research participants with the Sanders-Brown Center on Aging, a National Institute on Agingfunded Alzheimer's Disease Center (ADC) at the University of Kentucky, were approached to participate in this study during March to June 2012. The ADC cohort comprises a convenience sample of older adults (age 60 years) from central Kentucky. Participants are given annual cognitive and clinical assessments and donate their brains upon death. Cognitive assessments are administered by trained technicians blind to musical training status, which is not routinely collected. Exclusion criteria include prevalent neurological, psychiatric, and disabling medical disorders, as well as prevalent dementing illness (see Schmitt et al for a detailed listing and explanation of recruitment and procedures). 18 All research activities were approved by the University of Kentucky institutional review board. Each participant provided written informed consent. Patients included in the current analysis (N ¼ 237) completed the musical training survey (MTS) and were cognitively intact (global Clinical Dementia Rating [CDR] ¼ 0) 19 at their most recent ADC assessment.
Procedures
A MTS was created by research staff. This survey contained self-reported musical training information as well as an objective, 21-question test of musical knowledge. Objective musical questions were based on the National Standards for Arts Education 20 with specific objectives gathered from the K-12 Music Scope and Sequence from Wallingford Public Schools and the Perklomen Valley School District Course/Content Area Scope and Practice for High School Level Music Theory I and II (Grades 9-12). 21, 22 After pilot testing, MTS were mailed to 385 ADC participants (with global CDR ¼ 0 at the last ADC evaluation prior to the MTS mailing) in March 2012 along with a cover letter explaining the project. As stated previously, the surveys contained self-reported musical training information (instruments played, number of years of experience, etc) and objective musical questions. Objective questions were a series of multiple choice questions designed to assess music theory (ie, music reading) knowledge. These questions were divided into 3 levels of difficulty for scoring purposes: ''easy,'' ''medium,'' and ''hard.'' These levels were based on the suggested progression of musical skills development recommended by National Standards for Arts Education. 20 Easy questions consisted of fundamental skills taught first in the progression of core music standards. Medium questions focused on expanded fundamentals knowledge. Hard questions required the greatest knowledge of music content and incorporated concepts typically expected at the end of music standards development.
Statistical Analysis
An unadjusted latent class analysis (LCA) 23, 24 was performed on the responses to the 21 objective knowledge questions. The number of correct responses was tracked and missing responses were imputed as incorrect. The PROC LCA 25 in PC-SAS 9.3 was used to carry out the analysis, which created 3 knowledge groups. Linear mixed models were used to compare the groups' longitudinal annual performance on the Animal Naming Test (ANT; semantic memory or category verbal fluency) and the Wechsler Logical Memory Story A Immediate Recall (LMI; episodic memory, immediate recall) while controlling for age at ADC enrollment (baseline), time since baseline, years of education, and sex. 26 Additional analyses were performed to assess the effect of self-reported ability to read music, which implies formal musical training, rather than the LCA-derived knowledge groups, and whether observed differences based on musical training would be preserved given the inclusion of another marker of cognitive reserve, estimated full-scale IQ (derived from the National Adult Reading Test), 26 which was available on a subset of participants (n ¼ 201).
Results
Completed surveys were obtained from 237 of 385 participants for a response rate of 61.6%. Nonrespondents were similar in age (P ¼ .11) and sex distribution (P ¼ .14) but were slightly less educated (mean difference ¼ 1.12 + 2.62 years; P < .0001) and comprised more minorities (17% vs 8%; P ¼ .006). Respondents who completed the MTS were 77.4 + 6.4 years old on average, had an average of 16.6 + 2.6 years of education, were 67% female, and 8% minority ( Table 1) . Average length of follow-up since baseline study enrollment was 7.8 + 5.6 years. Among those who reported ever playing an instrument or singing (n ¼ 160), the average initiation age was 13.5 + 17.3 years (median ¼ 9 years), and the average length of training/study was 11.1 + 10.7 years (median ¼ 8 years).
The LCA classified respondents into low-(n ¼ 77), medium-(n ¼ 78), and high-knowledge groups (n ¼ 82; see Table 1 ). The high-knowledge group had more years of education (P ¼ .04) and more women than the low-knowledge group (P ¼ .006). High-knowledge respondents had higher unadjusted mean scores over time on LMI than the low-knowledge respondents (see Figure 1 ). For both ANT and LMI, unadjusted mean scores were significantly higher among high-knowledge participants at baseline, and this difference was preserved for at least 10 years.
Follow-up assessment data sparseness increases after 10 years, and the confidence bands in Figures 1 and 2 widen accordingly. Additionally, splines are known to become erratic near data boundaries, 27 and thus the figures should be interpreted cautiously for follow-up assessments more than 15 years after baseline.
Linear mixed model results showed that after controlling for demographic effects, high-knowledge respondents scored an average of 1.3 + 0.5 points higher (P ¼ .02) than the lowknowledge respondents. The ANT scores were also higher in high-knowledge than the low knowledge respondents (average 1.7 + 0.7 points; P ¼ .02). For both LMI and ANT, the medium-knowledge group was not different from either high or low group.
Self-reported ability to read music was correlated with scores on the objective knowledge scale because participants who could read music answered 12.7 + 5.9 items correctly, while those who could not read music answered 1.7 + 3.2 correctly (t 235 ¼ 15.9; P < .0001). Ability to read music was associated with both higher unadjusted ( Figure 2 ) and adjusted mean scores over time for both ANT (1.5 + 0.6 points; P ¼ .021) and LMI (1.3 + 0.4 points; P ¼ .0028). Finally, while the inclusion of estimated full-scale IQ does mitigate the effect of the LCA-derived knowledge group on mean ANT scores (P ¼ .16), high knowledge respondents maintain a 1.3 + 0.5 point advantage on mean LMI scores over low-knowledge respondents (P ¼ .02). Self-reported ability to read music provides an advantage in both mean ANT (1.5 + 0.6; P ¼ .02) and LMI (1.3 + 0.5; P ¼ .005) scores even when adjusted for estimated full-scale IQ.
Discussion
Results from this preliminary investigation provide support for the hypothesis that higher levels of musical training are associated with improved semantic and episodic memory among highly educated, cognitively normal older adults. In all analyses, respondents with high musical knowledge or who reported that they could read music had higher mean logical memory immediate recall scores compared to respondents with low musical knowledge or who reported they could not read music, respectively. There was also evidence that Animal Naming scores are improved in these same comparisons, although the difference was not preserved after the inclusion of estimated full-scale IQ. This suggests that formal musical training in early-to midlife, even when measured only by self-report, is associated with improved late-life episodic and semantic memory performance in this cohort and may be a useful marker of cognitive reserve.
Previous research 6 has shown differences in musicians and nonmusicians on measures of cognitive functioning, but this study highlights differences among individuals with varying levels of musical training (as defined by the ability to read musical notation). Results from the current study suggest that increased levels of training, as evidenced by higher scores on the MTS objective knowledge questions and the ability to read music, may provide increased benefit. If true, this would be consistent with the data that suggest individuals with more years of education (ie, increased exposure) have higher levels of cognitive functioning throughout adulthood. 28 Perhaps musical training increases protective factors much in the same way that general education does: the greater the training, the greater the protective factor.
A number of studies demonstrate short-term effects of musical training. For example, Hyde and colleagues 29 found that only 15 months of musical training in early childhood resulted in structural brain changes, and Schellenberg 30 found enhanced IQ after 36 weeks of musical training. Some studies have even found longer term benefits of musical training, finding a positive association with IQ in young adulthood and musical training in childhood. 31 Results from this exploratory investigation provide an argument for the sustained effects of musical training on cognitive functioning well into older adulthood.
It is important to note that high knowledge participants and participants who could read music in this study had higher mean years of education, and education has been positively associated with cognitive reserve. 32 While residual confounding due to adult lifestyle and socioeconomic factors associated with higher years of education cannot be ruled out, given that both years of education and estimated full-scale IQ were adjusted for in the current investigation, the results can still be viewed as promising. Additionally, future research should explore structural differences in older adults with musical training to determine whether the brain differences that result from musical training are associated with increased brain reserve (ie, brain structure differences that may increase tolerance to pathology). 32 While more research is needed, results appear to support that musical training promotes brain plasticity and leads to structural changes in the immediate with the potential to result in improved cognitive performance across time, even when active participation is no longer present.
Appendix A
Musical Training Survey
We are coordinating a survey on different types of musical experiences among older adults. We are interested in all types of experiences, so please tell us about your musical training even if you only participated for a short time. If you never participated in musical training, we ask that you still read through the survey and answer the questions.
Some of the questions will ask you to describe your musical training experiences. For the purpose of these questions, we define musical training as playing an instrument (or singing) combined with the ability to read music. Examples of musical training include, but are not limited to, private lessons, community groups, and music classes in school.
Thank you for participating in this survey. We think that musical training might be important for brain aging, so your participation will help us better understand this very important topic.
Please check the answer that best fits your response to the questions. 
